Isolation of the Mengo virus stable non-capsid virus polypeptides E, F, G and I from infected L cells has been achieved. Unstable precursors were eliminated by incubation in the presence of pactamycin and capsid polypeptides were removed by ultracentrifugation and affinity chromatography. Subsequent sodium dodecyl sulphate (SDS)-hydroxylapatite chromatography resolved the non-capsid proteins into two major peaks which comprised F plus G and E plus I, respectively. The individual polypeptide species were separated by gel filtration on Sephadex G-ioo in the presence of SDS.
INTRODUCTION
At least two virus-specified activities have been identified in picornavirus-infected cells: (1) an actinomycin D-insensitive RNA polymerase or RNA replicase (Baltimore & Franklin, 1963; Baltimore et aL 1963; Horton et aL 1966) ; and (2) a protease responsible for some of the post-translational cleavages of virus proteins (Korant, 1972 (Korant, , 1973 . The conventional approach taken to characterize these enzymes and to identify the virus polypeptide(s) involved has been to purify lysates of infected cells sequentially by monitoring enzymic activity (e.g. Traub et al. 1976; Korant, 1977) . We have instead attempted to isolate the non-capsid polypeptides directly from Mengo virus-infected cells in order to test them individually in in vitro assays for replicase or protease activity.
Three large polypeptides designated A (mol. wt. 114000), F (38ooo) and C (88o0o), and two smaller polypeptides designated G (l 6 ooo) and H (14ooo) are produced by proteolysis of a nascent 'polyprotein' in Mengo virus infected L cells. Polypeptide A, corresponding to the 5' region of the genome, is the precursor of the virion capsid proteins ~,/J, 3' and c~. Polypeptide C corresponds to the 3' region of the genome and also undergoes secondary cleavages to yield D (76ooo) and finally E (58ooo). A small, stable polypeptide I (~ 2ooo) is produced during the processing of C -+ D -+ E (Paucha et al. 1974) .
This report describes procedures for the isolation of the Mengo virus stable non-capsid * Present address: Department of Virology, University of Turku, SF 2o52o Turku, Finland.
oo22-1317/79/ooo-3572 $02.o0 © I979 SGM polypeptides F, G, H, E and I, and presents evidence indicating that purified polypeptide E has an RNA polymerase activity which is dependent upon exogenous virus RNA template and oligo(U) primer.
METHODS

Preparation of infected cell extracts. Confluent monolayers of mouse L-929 cells in roller
bottles (49o x~lo mm diam.) were infected at a multiplicity of ioo with M-Mengo virus in phosphate-buffered saline (PBS) and rotated for I h to permit virus attachment. The cells were then washed with warm (37 °C) PBS, and 2o ml of Eagle's basal medium (BME) supplemented with 5 ~o horse serum was added to each roller bottle. At 3"5 h p.i. this medium was replaced with IO ml amino acid.deficient BME containing 1% horse serum and 25 mM-HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulphonic acid) and incubation continued for I h to deplete the intracellular pools of amino acids. At 4"5 h p.i. the cells were pulselabelled by removing the amino acid-deficient medium, rinsing the monolayers once with warm PBS and incubating with ~o ml of amino acid-deficient medium containing I °/o horse serum and Io -~ M-pactamycin (a gift from the Drug Development Branch, Division of Boston, Mass.) for o'5 h. At 5"o h p.i. the labelling medium was removed, the monolayers washed once with warm PBS and then incubated for 1 h with BME containing 5 % horse serum and Io -6 M-pactamycin (a gift from the Drug Development Branch, Division of Cancer Treatment, National Cancer Institute, U.S.A.). At 6.o h p.i. the medium was removed and the monolayers washed three times with 25 ml cold (4 °C) PBS. Cells were collected from roller bottles by scraping into a fourth aliquot of cold PBS and pelleting by low-speed centrifugation. The washed cells were lysed with PBS (minus Ca z+ and Mg 2+ salts) containing 1% (v/v) Nonidet P4o ('lysis buffer'; I to 2 ml/roller bottle of cells). Nuclei were removed by low speed centrifugation 0ooog for IO min) and the lysate clarified by centrifugation in a SW 5o'1 rotor at 37o0o rev/min at 4 °C for t h. The supernatant from this step, designated $37, was subsequently subjected to affinity chromatography as outlined below.
A~nity chromatography of cell lysates. Antiserum directed against the capsid proteins of Mengo virus was prepared in rabbits using heat disrupted (56 °C for Io rain) virions as antigen. Immunization was initiated by injection of 25o/~g protein intravenously plus 25o #g intramuscularly; the latter being suspended in Freund's complete adjuvant. Fourteen days later, an additional 250 #g of disrupted virus antigen was injected intravenously, followed at 4-day intervals by two additional intravenous injections. Blood was collected I week after the last injection, serum was separated and the IgG fraction was isolated by ammonium sulphate precipitation followed by chromatography on DE-52 cellulose (Whatman Biochemicals Ltd., Maidstone, Kent, U.K.). Fractions containing anti-Mengo IgG were lyophilized. IgG from 20 ml of immune serum was resuspended in 15 ml of o.o~ M-sodium phosphate (pH 7"2) and mixed overnight at 4 °C with I g of Affi-Gel IO (Bio-Rad Laboratories, Richmond, Calif., U.S.A.). Following coupling, the gel-immobilized antibody was washed with PBS and poured into a 25 x 0.8 cm column. The column was washed with o. I M-tris-HC1 containing 3"o M-NaSCN and t % NP4 o ('elution buffer') and then equilibrated with the appropriate lysis buffer.
The $37 supernatant from infected cell lysates (2 to 3 ml) was loaded on to the column at 4 °C and washed through with lysis buffer at a flow rate ofo'5 to I.o ml/h. The flow-through protein peak was monitored by radioactivity and pooled for use in the procedures described below. The column was re-cycled (i.e. the capsid proteins which had bound to the immobilized IgGs were eluted) by washing with elation buffer followed by equilibration with lysis buffer. SDS-hydroxylapatite chromatography. A I ml sample of the non-capsid polypeptide peak from the affinity column was made by adding SDS to 2% and fl-mercaptoethanot to 5%, then heated at ioo °C for 5 min. The solution was then diluted 2o-fold with o.ol M-sodium phosphate (pH 6.2) and loaded on to a I5 × o-8 cm column of DNA-grade hydroxylapatite (Bio-Rad Laboratories) equilibrated with o.oT M-sodium phosphate (pH 6.2) containing o.1% SDS and I mM-dithiothreitol ('column buffer'). After washing with 3 to 4 bed vol. of column buffer, the polypeptides were eluted at a flow rate of 4 ml/h with a linear gradient of o'I to 0.6 M-sodium phosphate containing o-1% SDS and I mM-dithiothreitol (DTT). Conductivity measurements of selected fractions were converted to phosphate molarity by using a standard curve and samples from all fractions were spotted on filter paper discs which were dried and assayed for radioactivity in a toluene-based fluor. Selected peak fractions were pooled, dialysed against o. 1% SDS in distilled water and lyophilized. Samples were resuspended in o.oi M-sodium phosphate (pH7"2) containing 2% SDS and 5% fl-mercaptoethanol, heated at Ioo °C for 5 rain and subjected to electrophoretic analysis on IO % polyacrylamide-o-i % SDS gels as described by Ziola & Scraba (I974) . Similar assays of radioactivity and polypeptide composition were applied to fractions obtained from gel filtration and poly(A)-Sepharose chromatography procedures described below.
SDS-Sephadex gelfiltration.
Each lyophilized sample from SDS-hydroxylapatite chromatography was suspended in 0"3 ml water and SDS and fl-mercaptoethanol were added to 2 % and 5 % final concentrations, respectively. The resuspended material was heated at ioo °C for 5 min and then loaded on to a 80 x 1"5 cm column of G-Ioo superfine Sephadex (Pharmacia) equilibrated with o.I M-sodium phosphate (pH 7.2) containing o.1% SDS and I mM-DTT. The columns were operated at a flow rate of 4 ml/h and I ml fractions were collected.
Bio-Gel A-5m gel filtration. Infected cells were lysed in o'o5 M-tris, O'O05 M-sodium phosphate (pH 8"o) containing 0"o5 M-KC1 and 1% NP4o. The affinity column and a 5o × I-5 cm column of Bio-Gel A-5 m (2oo to 4oo mesh; Bio-Rad Laboratories) were equilibrated with this lysis buffer. A I ml sample of the non-capsid polypeptide peak from the affinity column was chromatographed on the Bio-Gel column at a flow rate of 6 ml/h and I ml fractions were collected.
Poly(A)-Sepharose column chromatography.
Infected cell extracts were prepared as outlined above, except that the lysis buffer in this case was 0"o5 M-tris-HC1 (pH 8.o) containing 0"05 M-KCI and 1% NP4o. A column of poly(A)-Sepharose (Pharmacia) of dimensions IO × o.8 cm was prepared and washed with o.l M-tris-HC1 (pH 8.o) containing 9o% formamide. The column was then equilibrated with the lysis buffer. A I ml sample of the $37 supernatant was loaded on to the column, which was then washed with lysis buffer (4 °C) at a flow rate of 6 ml/h. After collecting 2o one ml fractions, the buffer was changed to 0"05 M-tris-HC1 (pH 8"0) containing I.o M-KC1 and ~ % NP4o and an additional 20 fractions were collected.
Assay ofpolymerase activity. The general procedure of Flanegan & Baltimore (I977) was followed. In a standard reaction mixture, Ioo/~1 of enzyme preparation was added to Ioo #1 of assay mixture, the final concentration of reagents being: 0"05 M-tris-HCl (pH 8.o), 0"05 M-KCI, 0"005 M-DTT, 0"5 mM-GTP, 0. 5 mM-CTP, 0"5 mM-ATP, 20/zCi aH-UTP/ml, o'oi MMgCl~, 2/~g actinomycin D/ml, 7.0 mM-phosphoenolpyruvic acid (PEP) and 20 #g pyruvate kinase/ml. In those assays in which they were included, the final concentrations of Mengo virus RNA and oligo(U)n 19 were 20/zg/ml and lO/zg/ml respectively. The reaction mixture was incubated at 37 °C and at appropriate intervals 40/~l samples were removed and spotted on to filter paper discs which had been soaked with a solution containing o'I M-sodium EDTA and 25 mM-sodium pyrophosphate (pH 7"o), then dried. The filter paper discs were washed for 30 rain with cold (o °C) IO% trichloroacetic acid (TCA), twice for Io rain with cold 5 % TCA and finally with 95 % ethanol. The discs were allowed to dry and the TCAinsoluble radioactivity measured using a toluene-based fluor.
The unlabelled nucleotides were obtained from Terochem Laboratories Ltd, Edmonton, Alta., Canada, DTT was from Bio-Rad, 3H-UTP (NET-38o) was from New England Nuclear, actinomycin D was from Mann Research, Orangeburg, N.Y., PEP and pyruvate were from Sigma, St. Louis, Mo., and oligo(U)11_19 was from Collaborative Research, Waltham, Mass. Mengo virus RNA was prepared from freshly purified Mengo virions as described by Scraba et al. (1967) . Sedimentation velocity runs of the virus RNA were carried out in a Spinco model E ultracentrifuge before use in the assay in order to ensure that the virus RNA was intact (35S) and homogeneous.
RESULTS
Separation of Mengo virus non-capsid proteins from capsid proteins
A representative SDS polyacrylamide gel pattern of an infected cell lysate (labelled with 14C-amino acids) before the 37ooo rev/min centrifugation step is shown in Fig. l (a) . This pattern is identical to that observed previously for Mengo virus (Paucha ct al. 1974) and is very similar to those produced by other picornaviruses (Summers & Maizel, 1968; Butterworth et al. I971 ) . Pactamycin (Io -n M) was added at 5 h p.i. to prevent any further initiation of virus RNA translation (Taber et al. 1971 ; Paucha et al. 1974 ) and all pre-existing precursor polypeptides were cleaved to stable end-products during the subsequent 1 h chase period. This procedure was used because otherwise it was found that capsid precursors were not completely removed from the lysate during the subsequent affinity chromatography step.
Centrifugation of the lysate at 37ooo rev/min for I h removed those cellular structures having sedimentation coefficients greater than 6oS (ribosomes, polysomes, mitochondria). Also found in the pellet was the bulk of the virus capsid proteins (Fig. I b) . The supernatant from this step ($37) contained primarily the stable non-capsid polypeptides (Fig. 1 c) .
The remaining virus capsid polypeptides were removed from the SaT supernatant passage through an affinity column consisting of virus capsid protein-specific IgG coupled to agarose beads (Fig. 2) . The peak containing the non-capsid polypeptides (fractions 5 to Io, inclusive) was pooled and used for subsequent procedures. The column was re-cycled by removing bound capsid polypeptides using a buffer containing 3"o M-NaSCN. Such an affinity column was stable for several weeks at 4 °C and could be used repeatedly for this adsorption procedure. An SDS~polyacrylamide gel profile of the material found in peak I from the affinity column is shown in Fig. I (6/). It is evident that the capsid polypeptides have been completely removed, leaving only the non-capsid and unlabelled host L cell polypeptides in the lysate.
Separation of the non-capsid virus polypeptides using denaturing conditions
The elution profile obtained when the affinity column-adsorbed lysate was subjected to chromatography on hydroxytapatite in the presence of SDS is shown in Fig. 3 -The size of the first major peak, eluting between o'3 and o'35 M-sodium phosphate, varied considerably from preparation to preparation. When the material in this peak was analysed by SDSpolyacrylamide gel electrophoresis, counts were observed throughout the gel with no peaks of radioactivity corresponding to any of the non-capsid polypeptides, suggesting that it may consist of degradation products. Pool I contained non-capsid polypeptide H plus a species migrating slightly faster than polypeptide F; this may be a degraded form of F, although positive identification has not been made. Pools 2 and 3 contained the virus noncapsid polypeptides F plus G and E plus I, respectively, plus several host polypeptides (detected by staining with Coomassie blue). Fig. 2) . Following electrophoresis at 8 mA/ gel for 2o h, the gels were frozen on dry ice and dissected into I mm segments using a brass template. These were incubated overnight at 5o °C with o'3 mI of 5"7 % water in NCS tissue solubilizer (Radiochemical Centre, Amersham, Bucks,, U.K.). Radioactivity was measured following the addition of 5 ml of toluene based fluor to each gel segment. 3H-amino acid-labelled Mengo virion proteins were electrophoresed concurrently in a separate gel to provide markers.
Gel exclusion chromatography of the F plus G polypeptide mixture (pool 2) on Sephadex produced the elution pattern shown in Fig. 4(a) . A similar pattern was observed when the sample (pool 3) containing polypeptides E plus I was chromatographed on Sephadex (Fig.  4b) . Analysis by SDS-potyacrylamide gel electrophoresis revealed that peak 2-I in Fig. 4(a) contained polypeptide F plus about 5 host cell polypeptides, while peak 2-2 contained pure polypeptide G (Fig. 4c) . Similarly, Fig. 4(d) shows that peak 3-I (Fig. 4 b) contained polypeptide E plus about 4 host cell polypeptides. Peak 3-2 contained pure I.
Thus, using this two-column procedure, relatively pure preparations of E, F, G and I have been obtained. Although it was not attempted in this study, polypeptide H could probably be separated from the other main polypeptide present in pool ] from the SDShydroxylapatite column by gel-filtration on Sephadex. Fig. 2 . Affinity chromatography of an $37 supernatant from a l~C-amino acid-labelled lysate of Mengo-infected L cells. The $37 fraction was passed through a column of agarose to which antibodies specific for the Mengo virus capsid polypeptides had been covalently attached. Fractions 5 to io (inclusive) contained the non-capsid polypeptides, and were pooled and used in subsequent procedures. The arrow indicates the point at which buffer containing 3"0 M-NaSCN was added to re-cycle the column. Fractions were I'o ml, and samples (50 #1) of each fraction were assayed for radioactivity. Fig. 3 . SDS-hydroxylapatite chromatography of 14C-amino acid-labelled non-capsid virus polypeptides obtained following affinity chromatography (Fig. 2) . Polypeptides were eluted from the column by a linear gradient of sodium phosphate (pH 6-2), indicated by the broken line. The numbers I to 3 indicate the sets of I ml fractions pooled for subsequent procedures.
Preliminary experiments have indicated that these polypeptide preparations are suitable for use as antigens to raise specific antibodies in rabbits. The host cell proteins present in the E and F pools should pose no problems since L cell proteins are at best very weakly antigenic in rabbits (E. Paucha & A. Salmi, unpublished results) . With the availability of specific antibodies it should be possible to isolate the individual non-capsid polypeptides directly from infected-cell lysates by affinity chromatography.
Isolation of the non-capsid virus polypeptide E using non-denaturing conditions
When infected-cell lysates were prepared and affinity chromatography of the $87 supernatant was carried out in a buffer consisting of o'o5 M-sodium phosphate, o'o5 M-tris-HC1 (pH 8"o), o'oo5 M-KC1 and 1% NP4o, subsequent gel filtration of the non-capsid virus polypeptide mixture on a column of Bio-Gel A-5m agarose beads produced the profile shown in Fig. 5 . Analysis by SDS-polyacrylamide gel electrophoresis showed that the region labelled I contained F as the only non-capsid polypeptide species. Also present were five host cell proteins detected by Coomassie blue staining. Peak 2 contained polypeptides G, H and I, as well as some F. Peak 3 from the Bio-Gel column contained E as the sole virus polypeptide plus five host polypeptide species (Fig. 6) .
The elution profiles obtained with these Bio-Gel columns were somewhat puzzling. Normally one would expect that the polypeptides would elute froin the column in order of decreasing mol. wt. The fact that the F, G, H and I polypeptides passed through the column (b) The profiles obtained when the non-capsid polypeptides in pools 2 and 3 from the SDS-hydroxylapatite column (see Fig. 3) were chromatographed on Sephadex G-Ioo. The dialysed and lyophilized pooled fractions were re-suspended in 0"3 ml water containing 5 % flmercaptoethanol and 2 % SDS and heated before being applied to separate Sephadex columns. Elution was with oq M-sodium phosphate (pH 7"2) containing oq % SDS. Fractions (o'5 ml) were assayed for radioactivity, and pooled as indicated. The pooled material was dialysed against oq % SDS, then lyophilized and prepared for electrophoretic analysis as described in Fig. L (c) The electrophoretic profiles obtained with pools z-l (---) and z-2 (---) from the Sephadex column of (a). (d) The electrophoretic profiles obtained with pools 3-1 (-----) and 3-2 (---) from the Sephadex column of (b). Coomassie blue-staining bands in the gels containing polypeptides E and F are indicated by the bars labelled S; no such bands were observed in the gels containing polypeptides G and I. 20 before E suggests that some sort of complex may hav e formed among these first four polypeptides. Analysis on glycerol gradients of pools 2 and 3 from this column did not, however, provide any evidence for such an association. The radioactivity peak associated with F, G, H and I sedimented more slowly than a bovine serum albumin (mol. wt. 68ooo) marker.
Affinity of polypeptide E for virion RNA and for poly(A)
Material eluting from the Bio-Gel column in peaks 2 (F+G+H+I) and 3 (E) was incubated separately with RNA isolated from intact Mengo virions and then subjected to centrifugation in linear sucrose density gradients. The results, presented in Fig. 7 , showed that polypeptide E co-sedimented with the 35S virion RNA (Fig. 7b) , whereas polypeptides F, G, H and I had no such affinity for the RNA (Fig. 7a) . Polypeptide E by itself remained near the top of the sucrose gradient following centrifugation (not shown).
Chromatography of an $37 supernatant (which had been labelled with ~C-amino acids and from which the capsid proteins had been removed) on a column of poly(A)-Sepharose resulted in the adsorption of a portion of the input radioactivity which was subsequently eluted with buffer containing l'o M-KCI (Fig. 8) . Analysis on SDS-polyacrylamide gels of this adsorbed material showed that it consisted primarily of polypeptide E (Fig. 9b) . The material passing straight through the column comprised polypeptides F, H and I (Fig. 9a) . These results suggest that the affinity of polypeptide E for virus RNA may be due to the presence of the poly(A) sequence on the 3'-end of the RNA. 
Mengo virus non-capsid polypeptides
Preliminary characterization of an RNA polymerase activity associated with polypeptide E
Assays of polymerase activity found in an infected-cell lysate prior to the 37o0o rev/min centrifugation step showed that incorporation of radioactive UTP into a TCA-insoluble form was magnesium dependent; the optimum concentration being between 9 and 12 mM. Consequently, ~o mM-MgCI2 was included in all subsequent assays.
Assays of the pooled fractions from peaks z and 3 following filtration on Bio-Gel (Fig. 5 ) revealed that a UTP polymerizing activity was associated with the E polypeptide, the activity being dependent upon the addition of exogenous virus RNA and a primer of oligo(U) (Fig. ~o) . No such activity was found when the polypeptides from pool 2 were assayed (Fig. io) , nor was this activity found in unfractionated extracts of uninfected cells (not shown).
The amount and stability of polymerase activity associated with polypeptide E varied significantly from preparation to preparation. The maximum recovery of activity obtained was 5 to IO°/o of initial values, the dilution of polypeptide E during isolation being taken into account. Because of these factors, the recovery of polymerase activity was assayed following each step of the purification procedure (Fig. I I) . After lysis of infected ceils, a high level of endogenous activity was detected. Polymerase activity in the $37 supernatant was greatly reduced, but conversion of labelled UTP into an acid-insoluble form was stimulated by the addition of virion RNA template and oligo(U) primer. Passage of the Sz7 through the affinity column resulted in an almost total loss of activity, but addition of virus RNA and oligo(U) again stimulated the polymerization of nucleoside triphosphates, albeit to a lesser extent.
From these observations it appeared that the progressive removal of capsid polypeptides might be at least partially responsible for the ever-decreasing levels of polymerase activity recovered. However, attempts to stimulate polymerase activity by the addition of either heat-disrupted purified virus or purified 13"4S particles to the assay mixture were unsuccessful Fig. I2 . Effect of the addition of capsid polypeptides on the polymerase activity of the non-capsid polypeptide pool from an affinity chromatography column (e.g. Fig. 2 ). Virion RNA (20 #g/•l) and oligo(U)n-la (Io #g/ml) were included in all mixtures.
• am, Activity of the non-capsid polypeptide pool alone; • A, activity of the non-capsid polypeptide pool plus heat disrupted (56 °C, Io •in) virus; • Q, activity of the non-capsid polypeptide pool plus 13"4S subviral particles purified according to Maket al. 0970. (Fig. 12) . Samples of protein contained in the fractions eluted from the affinity column by 3"o M-NaSCN (Fig. z) also did not stimulate polymerase activity, nor did the addition of uninfected cell lysates to the E preparation. This latter experiment suggested that the loss of possible co-factors provided by the cell was not responsible for the diminished activity.
DISCUSSION
Previous studies of the picornavirus RNA polymerase (RNA replicase) have suggested that polypeptide E (or the analogous NCVP4) plays a role in this enzymic activity, but the various 'purified' polymerases were contaminated to varying extents with other virusspecific polypeptides (Lundquist et al. I974; Loech & Arlinghaus, I975; Traub et al. I976) . Recently, however, Flanegan & Baltimore (I978) isolated a poliovirus replicasetemplate complex, treated it with RNase TI prior to final purification by glycerol gradient centrifugation and found that a single virus polypeptide species of tool. wt. 63ooo was bound to the residual template. This p63 polypeptide (probably NCVP4) was active as a poly(U) polymerase which copied a poly(A) template in vitro.
Experiments described in the present communication have shown that purified Mengo virus non-capsid polypeptide E is capable of binding to poly(A)-Sepharose and to virion RNA. None of the other non-capsid polypeptides shared this property, in contrast to the report by Gorbalenya et al. 0978) that polypeptide G binds to the RNA of encephalomyocarditis virus. An actinomycin D-resistant RNA polymerase activity which was dependent upon exogenous virus RNA template and an oligo(U) primer was found to be associated with polypeptide E.
The recovery of polymerase activity varied significantly from one preparation to another, however, and the enzyme was found to be intrinsically unstable. These observations suggest that other, as yet uncharacterized, components are required for a fully functional virus RNA replicase. Studies on poliovirus RNA replication have indicated that the procapsid structure (Yin, I977) or capsid polypeptides (Ghendon et al. 1973 ) may play some integral role in the replicase activity. Our results show that endogenous RNA polymerase activity is diminished as the capsid polypeptides are progressively removed during the purification procedure (Fig. I I) . However, the addition of capsid polypeptides to isolated polypeptide E did not stimulate its activity (Fig. 12) , so the relationship between these observations and the poliovirus data is not clear. A second possible explanation for instability of polymerase activity associated with purified polypeptide E is that the complete picornavirus RNA replicase comprises both E (NCVP4) and its immediate precursor, D (NCVP2) (Korant, 1975; Bowles & Tershak, 1978; Flanegan & Baltimore, 1978) . Perhaps this hypothesis could be tested in vitro if D and E (obtained from infected cells which had not been treated with pactamycin) were to co-purify during passage through a column of Bio-Gel A-5m.
